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THE INTERRELATIONSHIP OF MATURITY, 
TENDEROMETER VALUE, SIEVE GRADES, STARCH 
AND ASCORBIC ACID CONTENT OF 
EARLY PERFECTION PEAS 
By . 
L. H. POLLARD. E. B. WILCOX. AND H. B. PETERSON' 
INTRODUCTION 
IN the growing and processing of canning peas there are ma~y 
factors which influence yield and quality. Of these, the stage 
of maturity is possibly the most important. Beyond the stage of 
maximum quality, peas continue to grow in size and yields increase 
but quality decreases. Consequently, both growers and processors 
are definitely interested in knowing the stage of. maturity at which 
peas should be harvested for the greatest yield of acceptable qual .. 
ity. Peas harvested and processed at that stage should give both 
growers and canners the maximum returns if grading methods are 
satisfactory and price schedules equitable. 
Buyers of fresh peas for canning have used numerous methods 
of determining quality of the purchased product. In Utah the 
tenderometer method of grading now replaces all others. Nielson 
(5),a however, found that starch content was an excellent index 
of maturity and could be used for commercial grading or as a basis 
for technical comparisons of maturity. 
Workers conducting fertilizer and variety trials for the im .. 
provement of the quality of peas have been confronted with the 
problem of recognizing definite stage~ of maturity in order to make 
uniform comparisons of data. Others reporting results from an .. 
alytical determination of vitamin content have had similar diffi .. 
culties and have used such arbitrary designations as young, mature, 
and over .. mature to denote maturity rather than using a g·rade 
standard. These reports obviously offer no standard basis for fu .. 
ture comparisons. 
Different varieties and even plots of the same variety do not 
mature at the same time. It is practically impossible to adjust the 
harvesting so as to get all peas at the same stage of maturity. It 
is highly desirable when determinations are made on peas, that 
some exact measure of quality be reported. When comparisons 
1. Report on project 197 and 234. Purnell. . . 
2. Professor of Vegetable Crops, associate professor Home EconomIcs. and 
assistant professor Agronomy and Soils. respectively. . 
3. Numbers in parentheses refer to references cited. p. 16. 
i UTAH AGRICULTURAL EXPERIMENT STATION BULLETIN 328 
such as response to different fertilizers are made it would seem 
~necessary to make quality determinations and then interpolate all 
data to a given numerical standard of quality. 
In 1943 a series of trials was begun in an attempt to measure 
the influence of maturity on the yield, tE:nderness, starch, and ascor ... 
. bic acid content of canning peas. Comparisons of the currently 
used grading methods and price schedules were also made. These 
comparisons covered the growth period of peas from very young 
to old peas not suitable for canning. The results of the studies in ... 
elude three years' data on the Perfection variety and two years' 
. data on the Early . Perfection 
MATERIAL AND METHODS 
P' ERFECTION and Early Perfection varieties of canning peas were 
.j selected for this study because of their commercial importance 
. ·in -Utah. The Perfection variety was planted in 1943, 1944, and 
J1'945 and Early Perfection in 1944 and 1945. Trials were conduct ... 
ed on the experimental farm near Farmington, where the soil is a 
sandy loam, high in organic matter. No field was used more than 
·one season. Each year a uniform area of about one~half acre was 
planted wifh the above varieties. Each area was later divided into 
;four blocks of eight plots each which allowed for the harvesting of 
'one plot from each block on eight consecutive harvesting dates. 
-Roadways were provided between the middle blocks. A one~foot 
border strip was cut around each plot while the plants were small 
-in order to facilitate -the separation of the vines between plots at 
,the time of mowing. The cutting was done with a small one ... wheel 
'Power~driven mower. Harvesting was begun when the peas reached 
a tenderometer vafue of about 85 and continued until the peas 
'reached a maturity of about 160. This represented a range from 
very young to very old. Each day one plot from each of the four 
bloc'ks was cut, vined, cleaned, and the peas weighed for yield. 
Representative samples of ungraded peas were then taken for the 
·tenderometer, sieve, starch, and ascorbic acid determinations. Sim ... 
'ilar -tests were also made after the peas had been graded into the 
three sieve grades, 1,2, and 3 which consisted of Nos. 2's and 3's 
·in ·grade 1; 4's in grade 2; and 5's to Ts in grade 3. . 
Ascorbic add values were detern:ined by the method of Loef~ 
fIer and Ponting (3) and starch content as described by Nielson 
(5). A tenderometer machine made by the American Can Com ... 
pany was used for determining the tenderness of the peas. This 
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standard machine measures the resistance of a given quantity of 
peas to a mechanical shearing force. 
The data each year were interpolated to fit the same te·nder ... 
ometer values. The points selected were the medians of the tender ... 
ometer grades used for commercial gl'ading in Utah from· 1943 to 
1945. The data for two or three years were averaged. 
RESULTS AND DISCUSSION 
YIELD 
THERE was an increase in the total yield of ungraded peas as the 
. peas advanced in maturity, that is, as the tenderometer values 
increased. As shown in table 1 this increase from a tenderometer 
value of 85 to 160 was 2.47 tons for the Early Perfection and 1.98 
tons for the Perfection variety. While Early Perfection showed 
the greater increase in yield with increased maturity, the yield per 
acre at all stages of maturity was lower than for the Perfection va ... 
riety. The increase iq tonnage per d.egree of tenderometer val~e 
was greater during the first part of the harvesting season but began 
to decrease after the tenderometer value went above 102. The in .. . 
crease in tonnage per degree of tenderometer value from 85 to 102 
was .068 for Early Perfection and .053 for Perfection. 
Table 1. Yield in tons per acre for various tenderometcr values and starch con" , 
t~nt of Early Perfection and Perfection peas grown at Farmington, Utah, ,' 
1943-1945 
Percent S tarch Acre yield 
T enderometer Earlyt Earlyt 
value Perfection Perfectior.:j:: Perfection Perfection:t: 
percent tonlJ 
85 1.17* 1.69* 
87 2.09* 258* 1.27* 1.93-
90 2.44 2.70* 1.58 2.05* 
93 2.60 2.81 1.86 2.10 
96 2.73 2.92 2.02 2.25 
99 2.86 3.13 2.19 2.39 
102 2.99 3.29 2.36 252 
105 3.10 3.50 2.4<} 2:62 · 
109 3.22 3.71 2.62 2.75 
114 3.37 3.89 2:77 2.80 
118 3.50 4.30 . 1.89 · 2.76 
125 3.88 4.75 3.00 2.99 
135 4.44 5.26 3.18 3.29 
145 4.99 5.60 3.36 3.47. 
160 5.82 6.80 3.64 3:67 
* Calculated data 
t 1944 and 1945 
:l: 1943-45 inc. 
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TENDEROMETER VALUES 
The increase in toughness of the peas was greater as the peas 
advanced in maturi~y. That -is, the average tenderometer value 
increase per day was greater as the season adva,n~ed (table 2). 
Table 2. Tenderometer values of peas compared with days of harvest. 
Day of 
, harvest 
1 
2 
3 
4 
5 
6 
7 
8 
9 
... Data for 1944 and 1945 
t Data for 1943 to 1945 inc. 
Average tenderometer values 
Early 
Perfection * 
83 
87 
93.8 
103.8 
112.3 
126.3 
136.0 
148.1 
159.0 
Perfectiont 
83 
88.7 
95.4 
102.6 
111.3 
118.9 
134.1 
144.1 
160.3 
Most packer-grower contracts provide that peas may be rejected 
as too mature after reaching a tenderometer value of 120. On the 
other hand, it is unwise to harvest before the peas reach the stage 
of maturity represented by a tenderometer value of 85. It will be 
noticed from. the data for both varieties that if peas were rejected 
when they reached a tenderometer value of 120 it would allow the 
grower approximately five days in the Farmington area in which to 
harvest his peas after they reach a maturity of 85 'on the tender .. 
ometer. 
STARCH CONTENT 
The data on percent of starch for different tenderometer 
grades given in table 3 show that starch conten~ increased as peas 
advanced in maturity. The percentage of starch was slightly high-
er at all tenderometer grades for the Perfection variety. The in-
crease per degree of tenderometer value averaged .052 percent for 
Early Perfection and .055 for Perfection. The increase for both 
varieties was proportional to the tenderometer value increases. 
This was shown by a correlation of .994 for Early Perfection and 
.985 for Perfection when the starch and tenderometer values of 
the ungraded peas were compared. 
There was an increase in the starch and tenderometer value 
for each sieve grade along with an increase in tenderometer value 
of the ungraded peas as shown in tables 3 and 4 and figure 1. This 
increase was marked for grades 2 and 3 of both va~ieties. That the 
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tenderometer is a good measure of quality is further substantiated 
by the high correla tions between the tenderometer values and starch 
content for the various grades which were all above .9. 
Table 3. Starch content compared with the tenderometer value of the variou3 
sieve grades of Early Perfection and Perfect ion peas. 1944 and 1945 
Tender- Starch 
ometer Early Perfection Perfection 
value Ungraded 1 2 3 Ungraded 1 2 3 
percent 
85 
87 2.09* 1.57* 2.14* 2.98 2.58* 
90 2,44 1.67* . 2.28 3.37 2.70* 
93 2.60 1.75 2,42 3.51 2.81 2.13 3.23 4.58 
96 2.73 1.75 2,46 3,49 2.92 2.13 3.22 4.66 
99 2.86 1.73 2.50 3,48 3.13 2.13 3.21 4.64 
102 2.99 1.70 2.53 3.46 3.29 2.12 3.22 4.67 
105 3.10 1.69 2.56 3,48 3.50 2.18 3.31 4.84 
109 3.22 1.75 2.59 3.72 3.71 2.26 3,41 5.08 
114 3.37 1.85 2.72 4.10 3.89 2.30 3,46 5.23 
118 3.50 1.95 2.79 4.38 4.30 2.52 3.71 5.59 
125 3.88 2.15 2.87 4.56 4.75 2.90 3.92 5.87 
135 4,44 2,43 3.1 9 5.31 5.26 3.19* 4.34 6.16 
145 4.99 2.71 * 3.64 5.09 5.60 3.57* 4.80 6,48 
160 5.82 3.13* 4.36 6.16 6.80 4.21 * 5.73 7.08 
* Calculated data 
Table 4. Tenderometer value of various grades of Early Perfection and Perfec-
tion peas. 1944 and 1945 
Tenderometer value 
Un- Early Perfection Perfection 
graded 2 3 2 3 
85 
87 80 90 103 _ I 
90 80 91 106 
93 79.8 92.2 111 80.5* 97,4* 115.3* 
96 79.9 92.8 113.9 77,4 96.0 117.2 
99 80.0 93.5 116.8 78.2 97.7 112.7 
102 80.0 94.7 119.5 79.1 99.5 128,4 
105 80.1 95.1 122.1 79.2 99.8 129.2 
109 80.8 95.7 126.0 80.3 100.8 130.5 
114 81.1 96.9 130.9 82.1 102,4 133.5 
118 81.8 97.6 134.3 84.7 106.2 141 .0 
125 82.7 100.5 139.3 86.3 108.6 144.7 
135 85.1 104.1 149.6 89.3 113.9 151 .8 
145 113.6 156.7 120.6 158.1 
160 127.0 167.2 137.3 166.6 
., Calculated data 
SIEVE GRADES 
The percentage of grades 1, 2, and 3 varied with stage of m~ 
turity as shown in table 5 and figure 2. The percentage of grade 1 
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of both varieties decreased rapidly with an advance in maturity. 
This percentage was lower in Early Perfection at the various ten ... 
derometer grades. Both varieties at a tenderometer value of 93 
showed practically the same percentage yield of grade 2 peas. How ... 
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Fig. 1. 
UNGRADED PEAS 
Average percentpg~. of starch of ungraded and graded Perfection Peas 
at different stages of maturity as indicated by tenderometer values of 
the ungraded peas 
ever, there was a consistent decrease in the proportion of grade '2 
peas in Early Perfection as the maturity advanced whereas the per ... 
centage was more or less constant for Perfection up to a tender-
ometer value of 118. Beyond that stage of maturity there was a 
decrease in the percentage of grade 2 peas in this variety. ' The 
third 'grade of both varieties showed a marked percentage increase 
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as the maturity advanced but thi& was more pronounced in Early 
Perfection. 
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TE N OEROMETER VALUE OF UNGRADED PEAS 
Fig. 2. Proportion of the various sieve . grades of Early Perfection and Perfec~ 
tion peas at different stages of maturity 
Table 5. Percent of sieve grades compared with the tenderometer value of Early 
Perfection and Perfection peas, 1944 and 1945 
Sieve grades 
Tenderometer Early Perfection Perfection 
value 2 3 2 3 
percent 
85 48.0* 32.0* 20.0* 
87 34.0* 36.0* 30.0* 
90 32.0* 38.0* 30.0* 
93 30.8 35.0 34.2 40.9 35.5 23.6 
96 28.2 33.3 38.5 36.6 35.2 28.2 
9~ 25.1 31.5 43,4 32.3 34.9 32.8 
102 22.5 29.5 48.0 27.9 34.7 37,4 
105 19.9 28.8 51.3 24.1 35,4 40.5 
109 16.8 26.3 56.9 20.7 36.5 42.8 
114 15.0 25,4 59.6 18.3 36.1 45.6 
118 13.6 23.5 69.9 14.8 34.6 50.6 
125 9.6 21.2 69.2 9.6 32.7 57.7 
135 5.5 18.4 76.1 6.2 30.7 63.1 
·145 4.2 15.7 80.1 4.8 28.2 67.0 
-160 2.1 11.3 86.6 2.8 25.9 71.0 
* Calculated data 
To test further the influence of maturity on the ' quality of 
peas, samples of grade 2 were tested for starch and tender6meter 
values each day of harvest. A portion of each sample was then 
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canned. Grade 2 peas were selected because these -represented 
only one sieve size, while if grade 1 had been used any change in 
quality as the season advanced might be considered as caused by a 
decrease in the proportion of sieve size 2 and increase in size 3. 
The grading was done by the federal~state inspection service. The 
results of the tenderometer and starch determination, together with 
th.e grading report, are shown in table 6. 
Table 6. Tenderometer values, percent starch, and grade of the canned sample of 
grade 2 Early Perfection and Perfection peas, 1945 
Early Perfection Perfection 
Day 
of Plot 
T enderometer Percent Canned T enderometer Percent Canned 
harvest no value starch grade value starch ' grade 
1 94.5 2.65 A 103.5 3.63 A 
2 89.0 2.34 A 97.0 - 3.42 A 
3 93.0 2.19 A 95.5 3.87 A 
4 92.0 2.36 A 95.0 3.62 
1 112.0 2.98 A 109.0 3.95 A 
2 94.0 2.62 A 99.5 3.16 A 
3 95.0 2.50 A 98.0 3.28 A 
2 4 93.5 2.49 A 
1 98.5 2.88 A 105.6 4.13 A 
2 95.5 2.59 A 101.0 3.56 A 
3 99.5 2.70 A 
3 4 95.0 2.68 A 102.0 3.82 A 
1 101.5 2.77 A 126.0 4.99 B 
2 103.5 2.98 A 106.0 3.55 A 
3 99.0 2.45 A 103.5 3.49 A 
4 4 110.5 4.39 A 
1 104.0 3.18 A 133.0 5.42 B 
2 105.5 2.98 A 107.0 4.00 B 
3 100.0 3.02 A 109.5 4.16 B 
5 4 104.5 3.01 A 108.0 3.95 A 
1 120.5 4.16 B 146.0 6.50 B 
2 105.0 3.56 A 118.0 4.81 B 
3 105.0 3.54 A 121.5 4.83 B 
6 4 108.0 4.39 A 
1 142.0 6.03 B 
2 149.0 6.25 B 
3 129.5 5.36 B 
7 4 
All lots of Early Perfection except one were graded fancy. 
This lot. which graded extra standard. had a tenderometer value 
of 120.5 and a starch percentage of 4.16. On the other hand. nine 
lots graded extra standard in the Perfection variety. Most of these 
had a tenderometer value of 110 or more and a starch percentage 
of 4 or greater. 
I 
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Fig. 3. Ascorbic acid content of Early Perfection and Perfection peas at the 
, different stages of maturity. Lines drawn by regression 
Vitamin C content of fresh peas of either variety gradually 
decreased with increased maturity (table 7). The averages for the 
two years (fig. 3) clearly show this reduction as indicated by the 
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tenderometer values. Mack, Tressler, and King (4) found that 
the vitamin C content decreased ih the overmature pea although 
they did not specify their criterion of maturity. 
Ascorbic acid values for 1943 were ~resented in a previous publi .. 
cation (6). At that time, the method of handling the sample prior 
to vitamin analysis was not comparable to that used during the two 
succeeding years. Hence, the values for 1943 are not included in 
this discussion. 
Peas of the smaller sieve grades contained more ascorbic acid 
than larger peas (table 8). This is in agreement with the findings 
of Mack et al (4) and Todhunter and Sparling (7). In the Per .. 
fection peas of sieve grade 3 the reduction in ascorbic acid was ap-
proximately 10 percent during the first four days. This period of 
harvesting would represent prime maturity in the ungraded peas, 
(tenderometer values of. 96-107) . 
Table 8. Ascorbic acid (vitamin C) content of graded fresh peas 
Early Perfection Perfection 
T enderometer Ascorbic T enderometer Ascorbic 
values acid values acid 
1944 1945 1944 1945 1944 1945 1944 1945 
. mg./l00 gm mg./l00 gm. 
Sieve grade 1 
80 80 33.0 32.3 74 81 39.2 36.1 
76 82 40.0 30.7 
82 32.1 78 83 37.9 33.1 
81 88 34,4 32,4 
'83 33.3 85 90 36.7 32.1 
93 31.3 
87 85 30.8 27.2 111 28,4 
Sieve grade 2 
90 92 31.3 30.2 93 98 36.2 31'.4 
93 96 29.4 29.5 96 102 35,4 29.0 
94 97 29.2. 30.5 97 103 36.9 29.8 
101 30.2 101 112 33,4 29.1 
105 104 28.8 28,4 105 114 32.2 29.7 
138 110 28.0 26.8 111 124 28.0 28,4 
130 140 29.8 25.5 
Sieve grade 3 
103 114 28.3 24.5 115 116 33.3 29.0 
110 121 27.3 26.3 129 128 32.2 24.1 
124 133 26.0 27,4 131 130 29.6 24.8 
141 27.3 141 141 29,4 25.1 
155 146 25.9 26.4 147 146 26.6 26.2 
166 160 25.0 22.7 161 156 23.3 24.3 
175 159 25.5 22.9 
14 UTAH AGRICULTURAL EXPERIMENT STATION BULLETIN 328 
GRADING COMPARISONS 
, Production of high quality peas should be of importance to 
growers as well as canners. However, an accurate measure must 
, be made of that quality in order for both to receive a fair return for 
the crop. In the past, various quality appraisal methods have been 
in use, but at the present time the two methods in general use are-
the tenderometer and sieve machines. 
By assuming the starch content to be a good index of quality, 
it was possible in 1944 and 1945 to determine which of these meth ... · 
ods was better suited for measuring quality. 
When grading with the sieve machine it has been assumed 
that grades 1 and 2 remain constant in quality regardless of the 
time of the season harvested. However, as is shown in table 3, 
this is far from true, for Perfection peas with tenderometer values 
of 93 and 125 on the ungraded 'sample, the sieve grade 1 contained 
2.13 and 2.90 percent starch, respectively. Likewise, grade 2 
showed an increase in starch from 3.23 to 3.92 percent. While not 
as great, some increases in those grades were also noticed in Early. 
Perfection. When the tenderometer value of field run samples 
had increased to 160, even more marked differences were found. 
It is quite apparent from this study that the sieve machine is not a 
good method to use for determining the quality or value of peas. 
In all quality studies made the tenderometer machine always 
showed a dose relationship between toughness and starch content 
of the peas. The correlation values previously given on both un ... 
graded and graded peas would indicate that the tenderometer is an 
excellent quality indicator. 
Inasmuch as 'comparisons were being made between the two 
grading methods from a quality standpoint, it seemed advisable 
to make comparisons on acre returns as well. This part of the 
study brought out several important facts. In the first place, as 
shown in table 9, acre returns of Perfection were greater between 
approximately 96 and 140 degrees on the tenderometer for the 
sieve method after which the tenderometer method gave higher 
returns per acre. Of course, if the peas were rejected at 120 'it can 
be seen that the acre value was considerably higher for the sieve 
method of grading. 
While the acre value differed considerably for Perfection, only 
slightly different values were obtained between the two methods 
on Early Perfection. There is, for instance, practically no differ ... 
ence between the two methods between 85 and 125 degrees on the 
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Table 9. Value in dollars per acre of Early Perfection and Perfection peas gr:ades 
based on tenderometer and siev'e methods of grading, 1944 and 1945 yields used 
Value per acre 
Tenderometer 
T enderometer Sieve 
value Early Early Peorfection Perfection Pedection Perfection 
dollars 
85 124.02 125.95 
87 130.81 123.14 
90 158.00 151.51 
93 182.28 188.79 174.61 198.30 
96 187.86 199.76 184.10 213.20 
99 194.91 210.84 192.44 226.15 
102 202.96 222.75 200.49 237.21 
105 209.16 230.68 205.31 243.20 
109 212.22 232.56 207.02 246.86 
114 210.52 218.68 214.38 241.86 
118 205.19 199.98 229.09 227.21 
125 213.00 221.76 213.15 234.96 
135 225.78 246.18 212.25 247.53 
145 238.56 257.40 217.46 250.95 
160 258.44 269.28 223.75 251.86 
tenderometer, after which the tenderometer method gave the high .. 
er acre returns. 
Even more important than the difference between the grading 
methods is the fact that neither method paid the grower anything 
extra for producing higher quality peas. In fact he was penalized 
if he harvested his peas before they reached a tenderometer value 
of at least 105. Of course there is little question but that a grower 
bringing in his peas at a value of 85 would not get as great an acre 
return as he would had he left them to 95 to 100, but a difference 
of $75 per acre, which was the case with Early Perfection, seems 
much too great. In order to encourage the production of higher 
quality peas it would be better to have a price schedule so adjusted 
that growers would receive a greater or at least an equal acre return 
for peas of high quality than for peas of the lower grades. In this 
way, too, a greater spread of the harvesting season would be pos-
sible as growers would not retard harvesting in order to realize 
greater returns from their crop. 
SUMMARY 
1. A uniform series of trials were conducted at the Davis 
County Experimental Farm in 1943, 1944, 1945 on the influence 
of maturity on the yield, tenderness, starch and ascorbic acid con-
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tent of canning peas. Comparisons of the currently used grading 
methods and price schedules were also made. 
2. The results indicated an increase in yield as the peas ad-
vanced in stage of maturity above a tenderometer value of 8S. 
However. the unit increase was greater below a tenderometer value 
of 102 than it was above this point. 
3. The average tenderometer value increase per day was 
found to be greater as the season advanced. 
4. The starch content increased as the peas advanced in ma".. 
turity. The increase was proportional to the increase in tender-
ometer value. 
S. The percentage of sieve grades varied with maturity. In 
Early Perfection. grades 1 and 2 decreased rather rapidly with 
an increase in maturity. The Perfection variety showed less varia-
tion in grade 2. In both varieties the percentage of grade 3 showed 
a marked increase with an advance in maturity. 
6. The vitamin C content of fresh peas of either variety grad-
ually decreased with increased maturity. 
7. In these studies the tenderometer machine proved to be an 
excellent method of grading but the price to the grower "for the 
various grades should be so adjusted that the better quality peas 
will give a greater acre return. 
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